In the title compound, C 16 H 11 Cl 3 N 6 SÁC 3 H 7 NO, the sevenmembered ring adopts a conformation which is close to the twist-boat form. The molecular components are linked into sheets by a combination of two N-HÁ Á ÁN hydrogen bonds and two C-HÁ Á ÁO hydrogen bonds. Comparisons are made with other aminopyrimidine derivatives.
Introduction
Seven-membered nitrogen-containing heterocyclic compounds, such as 1,4-diazepines, are important structural units in drug discovery due to their wide spectrum of biological and pharmacological properties (Sternbach, 1971) , including antimicrobial (Parmar et al., 2012) , anti-HIV (Fader et al., 2011 (Fader et al., , 2013 and anticancer activity (Smith et al., 2006) , while compounds such as pyrimido [1, 4] diazepines have shown important antitumour activity (Insuasty, Orozco, Lizarazo et al., 2008; Insuasty et al., 2010; Deng et al., 2013) . Continuing our work on the synthesis of diverse pyrimido [4,5-b] [1, 4] diazepines from ,-unsaturated carbonyl (chalcone-type) derivatives, in order to explore their antitumour activities, we have now prepared (8RS)-4-amino-6-(4-chlorophenyl)-8-(2,4-dichlorothiazol-5-yl)-8,9-dihydro-7H-pyrimido [4,5-b] [1,4]diazepine, the structure of which is reported here as its monosolvate, (I) (Fig. 1) , with N,N-dimethylformamide (DMF).
The fused heterocyclic component of (I) was prepared by the thermal reaction of 4,5,6-triaminopyrimidine as its dihydrochloride salt, (II), and the chalcone derivative 1-(4-chlorophenyl)-3-(2,4-dichlorothiazol-5-yl)propan-1-one, (III) (see Scheme), which had itself been prepared by the basecatalysed condensation reaction between 4-chloroacetophenone and 2,4-dichlorothiazole-5-carbaldehyde; crystallization from DMF yielded monosolvate (I).
The purposes of the present study were threefold: firstly, to establish the regiochemistry of the reaction between (II) and (III) to form the title pyrimidodiazepine, rather than the alternative isomeric form (IV) (see Scheme); secondly, to compare the geometry of the fused pyrimidine ring in (I) with those of other unfused but heavily substituted pyrimidines; and thirdly, to compare the supramolecular assembly in (I) with that in simpler aminopyrimidines.
Experimental

Synthesis and crystallization
For the synthesis of (8RS)-4-amino-6-(4-chlorophenyl)-8-(2,4-dichlorothiazol-5-yl)-8,9-dihydro-7H-pyrimido[4,5-b]-research papers [1, 4] diazepine, equimolar quantities (0.5 mmol of each) of 4,5,6-triaminopyrimidine dihydrochloride, (II) (see Scheme), and chalcone (III) were dissolved in methanol (10 ml), and the mixture was heated under reflux for 24 h. The resulting solution was allowed to cool to ambient temperature, and it was then neutralized with aqueous ammonia solution (6 M). The neutralized mixture was then extracted exhaustively with dichloromethane, the combined extracts were dried and the solvent was removed under reduced pressure. The compound was purified by column chromatography on silica using dichloromethane-methanol (30:1 v/v) as eluent (yield 68%; m.p. 511-513 K 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . All H atoms were located in difference maps and then treated as riding atoms. C-bound H atoms were treated as riding in geometrically idealized positions, with C-H = 0.95 (aromatic, heteroaromatic and formyl), 0.98 (CH 3 ), 0.99 (CH 2 ) or 1.00 Å (aliphatic C-H), and with U iso (H) = kU eq (C), where k = 1.5 for the methyl groups, which were permitted to rotate but not to tilt, and 1.2 for all other C-bound H atoms. N-bound H atoms were permitted to ride at the positions located in difference maps, with U iso (H) = 1.2U eq (N), giving the N-H distances shown in Table 2 . Six low-angle reflections (011, 101, 110, 111, 111 and 111) , which had been totally or partially attenuated by the beam stop, were omitted from the final refinements. When the common site-occupancy factor for the atoms of the DMF component was permitted to vary, the refined value was 1.004 (4), confirming the full occupancy of the solvent site.
Results and discussion
The molecular constitution of the heterocyclic component confirms that the reaction between precursors (II) and (III) produces the fused diazepine (8RS)-4-amino-6-(4-chlorophenyl)-8-(2,4-dichlorothiazol-5-yl)-8,9-dihydro-7H-pyrimido- [4,5-b] [1,4]diazepine, as shown in the Scheme as a component of compound (I), rather than the alternative isomer (IV). The heterocyclic component of (I) contains a stereogenic centre at atom C8, and the reference molecule was selected to be one having the R configuration at atom C8. However, the centrosymmetric space group confirms that the compound crystallizes as a racemic mixture. In addition, the asymmetric unit was selected such that the two molecular components were linked within the asymmetric unit by the shorter of the two C-HÁ Á ÁO hydrogen bonds ( Table 2) .
The diazepine ring of (I) adopts a conformation close to the twist-boat form (Evans & Boeyens, 1989) , with ring-puckering parameters (Cremer & Pople, 1975) calculated for the atom sequence N5-C4a-C9a-N9-C8-C7-C6 of Q = 0.739 (2) Å , ' 2 = 12.8 (2) and ' 3 = 117.3 (4) . On the other hand, the pyrimidine ring is effectively planar, with a maximum deviation from the mean plane of the six ring atoms of 0.031 (3) Å for atom C4. This contrasts with the behaviour often observed in highly substituted pyrimidines, particularly in those having three adjacent substituents at positions 4, 5 and 6, where markedly nonplanar ring conformations are often adopted, with boat forms most commonly observed Quesada et al., 2004; Cobo et al., 2008) . The geometry at amino atom N41 is slightly pyramidal, with a sum of the interbond angles of 353.7
, but, despite this slightly pyramidal Computer programs: COLLECT (Nonius, 1999) , DIRAX/LSQ (Duisenberg et al., 2000) , Sheldrick, 2008) and PLATON (Spek, 2009 ).
Figure 1
The molecular components of (I), showing the atom-labelling scheme and the C-HÁ Á ÁO hydrogen bond (dashed line) within the selected asymmetric unit. Displacement ellipsoids are drawn at the 30% probability level.
geometry, atom N41 does not act as an acceptor of hydrogen bonds. The closest H atom which might participate in an intermolecular interaction with atom N41 is atom H65 at (Àx + 1, Ày + 2, Àz + 1), at a distance of 3.10 Å , far too long to be regarded as structurally significant. The bond distances present no unusual features. The heterocyclic component of (I) participates in two intermolecular N-HÁ Á ÁN hydrogen bonds (Table 2) , which lead to the formation of a chain of centrosymmetric R 2 2 (8) (Bernstein et al., 1995) rings running parallel to the [001] direction (Fig. 2) . The rings containing inversion-related pairs of atoms N1 as hydrogen-bond acceptors are centred at ( The third bond of this type does not participate in the formation of intermolecular hydrogen bonds, but merely forms a rather short intramolecular contact to atom N5, which likewise does not participate in any intermolecular hydrogen bonds. The N-HÁ Á ÁN angle associated with this intramolecular contact is only 105 (Table 2) , so this contact cannot be regarded as having any structural significance (cf. Wood et al., 2009) . Thus, the only acceptors in the N-HÁ Á ÁN hydrogen bonds are the two N atoms of the pyrimidine ring, and none of the other N atoms present acts as a hydrogen-bond acceptor. Table 2 Hydrogen-bond geometry (Å , ). 
One chain of R (Table 2 ). These two hydrogen bonds generate a C 1 2 (9) chain running parallel to the [010] direction (Fig. 3) , such that the DMF components lie between the chains of rings (Fig. 4) There are a number of other short intra-and intermolecular contacts within the crystal structure of (I) ( Table 2 ). However, those involving atoms C62 and C92 both have very small D-HÁ Á ÁA angles and so are unlikely to have any structural significance (Wood et al., 2009) . In addition, the contact involving atom C92 lies wholly within the DMF component, while the C92-H92A bond forms part of a methyl group which is likely to be undergoing very rapid rotation about the adjacent C-N bond, even in the solid state at low temperature (Riddell & Rogerson, 1996 , 1997 . The C-HÁ Á ÁCl contact involving atom C8 has an HÁ Á ÁCl distance which is only slightly less than the sum of the van der Waals radii of 2.84 Å (Bondi, 1964; Rowland & Taylor, 1996) and, in addition, it is well established (Brammer et al., 2001; Thallypally & Nangia, 2001 ) that Cl atoms bonded to C atoms are extremely poor acceptors of hydrogen bonds, even from good donors such as N and O atoms; hence, this contact is unlikely to have any structural significance. There are no intermolecular ClÁ Á ÁCl contact distances within the sum of the van der Waals radii (3.50 Å ; Bondi, 1964; Rowland & Taylor, 1996) .
Chains of R 2 2 (8) rings are a common hydrogen-bonding motif in aminopyrimidines (Rodríguez et al., 2008) , but disruption of such chain formation can result either from steric hindrance arising from bulky substituents or from the presence of an alternative hydrogen-bond acceptor which effectively competes with the pyrimidine ring N atoms. In the first of these circumstances, the supramolecular aggregation may be restricted to the formation of a simple dimer (Quesada et al., 2004) , or to the formation of a linear tetramer (Bowes et al., 2003) where each of these aggregates can be regarded as a short fragment of a continuous chain. In the presence of alternative hydrogen-bond acceptors, such as O atoms, chains containing combinations of R 
